Abstract. A semisynthetic, autoclavable, liquid medium that does not require inclusion of fetal calf serum (FCS) for the successful cultivation of Leishmania promastigotes in vitro is described. The parasites were grown in commercially available medium 199 supplemented with 10% FCS and 2% mammalian urine and the growth was compared with the same medium without FCS. The growth of the parasites in the semidefined medium without FCS was found to be as good as or slightly better that with medium 199 supplemented with FCS.
A number of culture media, especially liquid media, [1] [2] [3] [4] [5] designed for the bulk cultivation of Leishmania contain either fetal calf serum (FCS) or a blood lysate as one of their essential ingredients. [6] [7] [8] Fetal calf serum is the most expensive ingredient in these media and reliable supplies in various parts of the world, especially in developing countries, are very difficult to obtain. 9 Inclusion of a blood lysate makes the medium translucent, and preparation of a sterile blood lysate is quite difficult. 10 The commercially available media are sometimes difficult to prepare due to the involvement of many steps, and they must be sterilized by passing through membrane filters. Most of the steps in the preparation of these media need to be done in biological safety cabinets and strict aseptic precautions must be followed. However, not all of these facilities are available in many of the developing countries where leishmaniasis is endemic. 9, 10 To overcome this problem, we have designed an autoclavable liquid medium that does not require FCS or a blood lysate. The medium is quite inexpensive and no sophisticated facilities are required for its preparation, making it ideal for researchers working on leishmaniasis in developing countries.
MATERIALS AND METHODS
Preparation of the semidefined medium AJM-1. The composition of the semidefined medium AJM-1 is shown in Table 1 . The ingredients were dissolved in 75 ml of deionized distilled water. The pH was adjusted to 7.4 with 1 M NaOH/HCl and the volume was adjusted to 100 ml with water. The medium was filtered through Whatman (Maidenstone, United Kingdom) 40 filter paper and autoclaved at 121ЊC for 15 min. The medium was cooled at room temperature and gentamicin was added to a final concentration of 25 g/ml. The medium was stored at 2-9ЊC in the dark.
Preparation of medium 199. Medium 199 was used as a standard for growth comparison. It was prepared by dissolving 11 g of medium 199 and 6 g of HEPES in 750 ml of distilled water. The pH was adjusted to 7.4 with 1 N NaOH/HCl and volume was adjusted to one liter. The medium was filtered through a 0.22-membrane, and 2% sterile mammalian urine and 10% heat-inactivated FCS were added. The complete medium was stored at 2-6ЊC in the dark.
Culture procedures. Leishmania promastigotes (L. major MHOM/PK/88/DESTO) previously grown in medium 199 supplemented with 10% FCS and 2% urine were sedimented by centrifugation at 4,000 ϫ g and washed twice with 1.0 ml of sterile phosphate-buffered salt solution (PBSS) to remove any traces of FCS. Parasites were counted with a 40ϫ objective in an improved Neubauer chamber (hemocytometer) and diluted in PBSS to a final concentration of 10 6 parasites/ml. Samples (100 l) of the inoculum containing 10 6 parasites/ml were introduced aseptically into nine culture tubes, three with 1 ml of medium 199 ϩ 10% FCS ϩ 2% urine, three with 1 ml of medium 199 without FCS and urine, and three with 1 ml of the semidefined medium. The tubes were placed in cooled incubator at 22ЊC and the number of parasites was monitored 3-4 times by counts using a hemocytometer.
RESULTS
A typical growth curve of the parasites in medium 199 ϩ 10% FCS ϩ 2% urine is shown in Figure 1 . Medium 199 without FCS failed to support the growth of Leishmania promastigotes. Although the parasites survived for 48-60 hr (voltage fluctuations prevented determination of the specific survival time), no replication took place, as is shown in Figure 1 . Parasites inoculated into the semidefined medium took about 6-7 days to reach the late log phase and showed a maximum count of 2.4 ϫ 10 7 parasites/ml. Subsequently, the number of promastigotes decreased and they survived 10-12 days. A typical growth curve of the parasites obtained in the semidefined medium is shown in Figure 2 . DISCUSSION We have compared our medium with commercially available medium 199 supplemented with 10% FCS and 2% urine, which is the most widely used liquid medium for the large-scale culture of Leishmania promastigotes. 4, 5, 9 In medium 199, Leishmania promastigotes, under optimum conditions, reach the log phase within 72-84 hr postinoculation. In the newly described medium, parasites take longer (144-168 hr) to reach log phase.
Many sera from different adult animals have been used for the cultivation of Leishmania promastigotes, but they have exhibited deleterious effects on growth. [10] [11] [12] However, fetal bovine serum, especially when heat-inactivated, seems to exert no such effects on leishmanial promastigotes, and is widely used in liquid media for bulk cultivation and main- tenance of leishmanial promastigotes. 4, 5, 9 It has been shown that FCS contains many growth-promoting factors for Leishmania and it is also the most important source of heme, which Leishmania cannot synthesize. 9, [13] [14] [15] Since our medium supports the growth of the parasites, there must be some source of heme in it; the beef extract probably provides the small amount of heme required. Proline is also added to the medium because it is another major factor required for the growth of Leishmania. It has been observed that parasites prefer amino acids particularly, proline over carbohydrates, such as glucose as a source of energy. 9, 16, 17 All the ingredients used in preparation of this medium are quite inexpensive and are easily available. Since no heatsensitive ingredients are used, the medium can be autoclaved. We also have observed that this medium is more resistant to bacterial contamination.
Since the medium is free of blood or its products, i.e., blood lysate, serum, etc., it is well suited for immunologic as well as biochemical work on the parasite. Maintenance of the promastigotes is easy for relatively long periods of time and does not need frequent passages.
In conclusion, our observations have confirmed that this medium, even in the absence of FCS, supported good growth of Leishmania promastigotes in vitro. This medium is costeffective, simple to prepare, and performs as well as other liquid media supplemented with FCS.
